Traditionally, oxytocin (OT) is well known to play a crucial role in the regulation of cyclic changes in the uterus, implantation of the embryo, and parturition. Recently, an additional role for OT has been identified in several types of cancer cells in which OT acts as a growth regulator. In endometrial cancer cells, OT is known to efficiently inhibit cellular proliferation. In the present study, we show that OT increases invasiveness of human endometrial carcinoma (HEC) cells, which are otherwise resistant to the growth-inhibiting effects of OT. Using pharmacological inhibitors, invasion assay, RNA interference, and immunofluorescence, we found that OT enhances the invasive properties of HEC cells through upregulation of X-linked inhibitor of apoptosis protein (XIAP), matrix-metalloproteinase 2 (MMP2), and matrix-metalloproteinase 14 (MMP14). In addition, we show that OT-mediated invasion is both cyclooxygenase 1 (PTGS1) and cyclooxygenase-2 (PTGS2) dependent via the phosphatidylinositol 3-kinase/AKT (PIK3/AKT) pathway. PTGS2 knockdown by shRNA resulted in XIAP down-regulation. We also show that OT receptor is overexpressed in grade I to III endometrial cancer. Taken together, our results describe for the first time a novel role for OT in endometrial cancer cell invasion.
INTRODUCTION
Endometrial carcinoma is the fourth commonly diagnosed cancer among women in the Western world [1] . The capacity for invasion and dissemination of tumor cells is a significant turning point in the survival of endometrial carcinoma. Various growth factors, extracellular matrix components (ECM), and tumor-secreted factors are known to stimulate the motility of tumor cells [2] .
Oxytocin (OT) is a nonapeptide hormone playing a crucial role in many reproductive and behavioral processes [3] . In recent years, OT has been found to inhibit cell proliferation as well as to promote cell proliferation and invasion, depending on cancer cell type [4, 5] . OT operates through the activation of a specific membrane G-coupled receptor, the oxytocin receptor (OTR) [6] . The OTR could activate different signal transduction pathways: a) the traditional signaling pathway that results in the hydrolysis of phosphatidylinositol and cytosolic Ca 2þ increase [6] , leading to transcriptional activity by phosphorylation and activation of mitogen-activated protein kinases (MAPKs) [7] and extracellular signal-regulated kinases (ERKs), or b) the unconventional pathway using the formation of cAMP, resulting in the induction of cyclin kinase inhibitor p21 WAF1/CIP1 [4, 8] .
It has been reported that OT could stimulate prostaglandin E (2) (PGE 2 ) synthesis in endometrial epithelial cells under physiologic conditions [9, 10] as well as in cancer cells [11] . PGE 2 , a cyclooxygenase 2 (PTGS2)-derived eicosanoid, has been shown to influence the hallmark of cancer cells by inducing proliferation, survival, angiogenesis, immunosuppression processes, migration, and invasion through activating multiple cellular pathways [12] [13] [14] . In the current study, we evaluated if OT could modulate the invasive properties of human endometrial carcinoma (HEC) cell lines (Hec-1-A and Ishikawa) and investigated the involvement of the PTGS/PGE 2 and PIK3/AKT survival pathway in this process.
MATERIALS AND METHODS

Cell Line and Reagents
Hec-1-A cell line was purchased from ATCC (www.atcc.org). Hec-1-A cells were derived from a poorly differentiated endometrial carcinoma (grade 3). Cells were maintained in McCoy 5A media supplemented with 2.438 g/L NaHCO 3 , 10% bovine growth serum (BGS), and 50 lg/ml gentamycin. Ishikawa cells were generously provided by Dr. Sylvie Mader (Université de Montréal, QC). Ishikawa cells were maintained in Dulbecco modified Eagle medium-Ham F12 medium supplemented with 2% BGS and 50 lg/ml gentamycin. All of the antibodies were from Cell Signaling Technology (Beverly, MA) except for COX-1 (PTGS1) and COX-2 (PTGS2), which were purchased from Cayman Chemical (Cedarlane, Burlington, ON). Horseradish peroxidase (HRP)-conjugated anti-rabbit and anti-mouse secondary antibodies were obtained from Bio-Rad Laboratories (Mississauga, ON). Antibody for OTR was from Sigma Aldrich (St. Louis, MO), and MMP14 was from Abcam (Cambridge, MA). OT, Indomethacin, SB203580, MTT (3-[4,5-dimethylthiazolyl-2]-2,5-diphenyltetrazolium bromide), and Hoechst 33258 were obtained from Sigma Aldrich. Prostaglandin E 2 , SC-19220, and NS-398 were purchased from Cayman Chemical. LY294002 and PD98059 were obtained from Cell Signaling Technology. PTGS2 shRNA was purchased from SA Biosciences (Frederick, MD). and thawed three times, and centrifuged (16 100 3 g, 20 min at 48C) to remove insoluble material. Supernatant was recovered and stored at À208C till further analysis. Protein content was determined with the Bio-Rad DC Protein Assay (Bio Rad). Protein extracts (35-50 lg) were denatured (3 min, 958C) and resolved by 8%, 10%, or 14% w/v SDS-PAGE, followed by semidry electrotransfer to nitrocellulose membranes (30 min, 15 V) using the BioRad apparatus. Membranes were then blocked (1 h, room temperature [RT]) with PBS (13)-Tween 20 (0.06%) containing 5% w/v nonfat milk powder, then incubated with primary antibody overnight at 48C and subsequently with HRPconjugated anti-rabbit secondary antibody (45 min) or HRP-conjugated antimouse secondary antibody (45 min, RT). Peroxidase activity was visualized with the SuperSignal West Femto substrate (Pierce, Arlington Heights, IL) according to the manufacturer's instructions.
MTT Proliferation Assay
Cells were plated at a density of 1.5 3 10 4 cells per well in 96-wells plates and incubated overnight at 378C until they reached 80% confluence. Cells were cultured for 24, 48, and 72 h in the presence of increasing concentrations of OT (0, 0.01, 0.1, 1, and 10 lM in culture media) at 378C. MTT reagent (Sigma Aldrich) was added to the wells (10 ll of 5 mg/ml thiazolyl blue tetrazolium bromide in PBS) 3.5 h before the end of the incubation period. The conversion of yellow tetrazolium salt to blue thiazol crystals by metabolically active cells was stopped by adding 100 ll of solubilization solution (10% w/v SDS in 0.01 M HCl) to each well. The microplate was incubated overnight (378C, 5% CO 2 / air) to allow the complete solubilization of thiazol crystals. The optical density of blue emission (600 nm) was read with the FluoStar Optima reader (BMG Laboratories, Durham, NC). Percentage of proliferating cells was calculated as the ratio of optical densities of treated to control-treated cells. The experiments were repeated three times in duplicate.
Invasion Assays
Transwell Permeable support (Costar 3432; Corning, Corning, NY) with an 8.0-lm pore size polycarbonate membrane was coated with 2 mg/ml of BD Matrigel Low (BD Biosciences, Franklin Lakes, NJ) diluted 1:5 in fresh media without serum. The cells were pretreated for 1 h with 20 lM of LY294002, 100 lM of Indomethacin, 10 lM of NS-398, or 10 lM of SC-19220 or transfected with XIAP siRNA followed by a 24-h treatment with 100 nM of PGE 2 or 1 lM of OT. After the completion of treatment period, cells were collected, washed, and resuspended in basal medium without serum. The lower chambers were filled with 600 ll of respective fresh culture medium containing 5% of BGS with or without 1 lM of OT, and 1 3 10 5 cells were added to the upper chamber inserts. The plates were incubated for 24, 48, or 72 h at 378C. After the incubation period, invasive cells had reached the porous insert, where they adhered. The nonmigrated cells on the upper surface of the filter were removed by scraping. Invasive cells were fixed in methanol, and nuclear staining was performed with Hoechst 33258 followed by densitometric analysis. The assays were run in duplicate.
PGE 2 Enzyme Immunoassay
The procedure for the PGE 2 enzyme immunoassay kit (Cayman Chemical) described by the manufacturer was followed. Briefly, a 50-ll aliquot from culture medium was used for PGE 2 determination in a 96-wells plate coated with goat anti-rabbit secondary antibody. A volume of 50 ll of PGE 2 tracer and 50 ll of the PGE 2 antibody were added to each sample, and the plate was incubated overnight at 48C. Wells were washed with 10 mM phosphate buffer (pH 7.4) containing Tween 20 (0.05%) at pH 7.4; 200 ll of Ellman reagent (69 mM acetylthiocholine and 54 mM 5,5
0 -dithio-bis [2-nitrobenzoic acid] in 10 mM phosphate buffer, pH 7.4) was added to each well, and samples were incubated in the dark at RT. This allows the bound enzyme tracer to react with Ellman reagent to yield a yellow solution that can be measured photometrically with a microplate reader at 410 nm. A standard curve was developed simultaneously, with standards ranging from 50 to 1000 pg/ml of PGE 2 . The presence of PGE 2 was undetectable in the culture media in the absence of cells. 
XIAP siRNA
PTGS2 shRNA
One day before transfection, cells (0.3 3 10 6 ) were seeded in six-well culture plates. After 24 h, cells were transiently transfected with 1 lg PTGS2 shRNA per well using Fugene 6 (Roche). Following 48 h of transfection, medium was replaced with fresh medium containing 1 lM OT. Cells were further incubated for 24 h. After 24 h of OT treatment, cells were harvested for Western blot analysis.
Hoechst Nuclear Staining
Treated cells were collected, washed, and resuspended in 1 lg/ml Hoechst 33258 (Sigma Aldrich) in 10% formalin and incubated for 24 h at 48C before blind cell counts were performed using an Olympus BX60 fluorescence microscope (Olympus, Center Valley, PA). At least 300 cells were counted for each sample, and the percentage of apoptotic cells was calculated as the ratio of apoptotic cells (with characteristic apoptotic morphology such as nuclear shrinkage and condensation, as revealed by fluorescence microscopy) to total cell count.
RNA Isolation and RT-PCR
Total RNA was isolated from cells using Trizol Reagent (Invitrogen, Carlsbad, CA) as described by the manufacturer. First-strand cDNA synthesis was done using 1 lg of RNA. Briefly, the RNA samples were incubated (10 min, 658C) with 2:1 oligo dT (deoxythymidine) primers in a final volume of 10:1. Samples were then incubated (1 h, 378C) in 20:1 of a reaction buffer 103 containing dithiothreitol (100 mM), deoxynucleotide triphosphate (dNTPs; 5 mM) and Muloney Murine Leukemia Virus Reverse Transcriptase (200 U; Invitrogen). The reaction volumes were brought up to 60:1 with autoclaved water. Each PCR reaction mixture (final volume 50:1) contained 13 Buffer, RT template or negative control (5:1), MgCl 2 (50 mM), dNTPs (5 mM), primers (25 pmoles, 1:1 each), and Taq polymerase (5 U/lL). PCRs were performed in an MJ Research Thermal cycler (model PTC-100; Bio-Rad) using the following parameters: 30 sec at 948C, 30 sec at melting temperature (T m ), and 30 sec to 1 min at 728C for 36-40 cycles, except for b-actin (25 cycles). T m and primer sequences are given in Table 1 . Reaction products were analysed on 1% w/v agarose gels. Bands were visualized using SYBR-Safe (Invitrogen) staining upon ultraviolet transillumination.
Gelatin Zymography
Serum-free conditioned medium from cells was assessed by zymography for the detection of gelatinolytic enzymes. The samples were applied without heating to a 10% polyacrylamide gel with 0.1% gelatine (Sigma Aldrich). After electrophoresis, the gels were washed twice for 30 min with 2.5% and 1% Triton X-100 to remove SDS and incubated for 24 h in 50 mM Tris, 5 mM CaCl 2 , and 1% Triton-X at 378C. The gels were stained with Coomassie Brilliant Blue for 30 min and destained in 30% v/v methanol and 5% acetic acid. The gelatinase activity was identified as a clear band on a blue background. 
Immunofluorescence-Based Detection of OTR in Clinical Samples
HEC tissue section slides (Cybrdi, Frederick, MD) containing 16 grade I tumor specimens, 34 grade II tumor specimens, five grade III tumor specimens, two smooth muscles, and three normal endometrial specimens were used. The tissues, obtained from biopsies, were already formalin-fixed and paraffinembedded. The slides were deparaffinized by heating at 558C for 30 min, followed by two washes in NeoClear solvent (VWR Canlab, Mississauga, ON), and they were progressively hydrated with successive washes at RT in 100%, 95%, and 70% ethanol and two washes in water. After antigen retrieval for 20 min in boiling citrate solution (10 mM sodium citrate [pH 6] and 0.05% Tween in water), the tissue slides were cooled down for 20 min at RT and then washed twice in PBS. Nonspecific binding sites were blocked by 1-h incubation with 5% normal donkey serum and 0.3% Triton X-100 in PBS at room temperature in a humidified chamber, and the tissues were probed with rabbit anti-human OTR primary antibody (Sigma Aldrich) or rabbit IgG isotype control (Vector Laboratories) overnight at 48C. The slides were washed three times in PBS, and the tissues were probed with Alexa Fluor 488-conjugated anti-rabbit secondary antibody (Molecular Probes) for 1 h at room temperature in a humidified chamber protected from light. The slides were washed once in PBS and counterstained with Hoechst nuclear dye followed by two rinses in water. The tissues were mounted with p-phenylenediamine in glycerol and observed under a fluorescence microscope.
Statistical Analysis
All experiments were repeated at least three times. Data were subjected to one-way ANOVA (PRISM software version 3.03; GraphPad, San Diego, CA). Differences between experimental groups were determined by the Tukey test. Statistical significance was accepted when P , 0.05.
RESULTS
HEC Cells Are Resistant to the Growth-Inhibitory Effect of OT
Expression of the OTR and the antiproliferative effect of OT in endometrial carcinoma have been reported [15] . We examined whether Hec-1-A and Ishikawa cells expressed the OTR, and we have evaluated the growth inhibitory effect of OT using MTT proliferation assays. We found that OTR was abundantly expressed (Fig. 1A) in both Hec-1-A and Ishikawa cell lines. Hec-1-A cells did not respond to the growth inhibitory effect of OT, even when the concentration of OT was increased up to 10 lM or after a prolonged exposure of 72 h (Fig. 1B) . These results indicate that OT does not affect the proliferation of endometrial carcinoma cells.
OT Increases Invasion in HEC Cells
The ability of OT to stimulate motility and invasion had been reported in different cells [16, 17] . We have evaluated the effect of OT on the invasiveness of Hec-1-A cells using the Matrigel invasion assay. We found that OT increased Hec-1-A cell invasion (Fig. 1C) by 45%, which was poorly invasive in basal conditions. The maximal induction in cell motility was observed with 1 lM of OT; therefore, this concentration was chosen for all subsequent experiments.
OT Mediates Invasion by Up-Regulating PTGS Isoforms and PGE 2 Production
Because PTGS enzymes represent the rate-limiting step in prostaglandin biosynthesis and it is predominantly PGE 2 production that has a strong association with carcinogenesis as well as tumor growth, invasion, and metastasis [18, 19] , we investigated whether OT could stimulate PTGS1, PTGS2, and PGE 2 synthesis in HEC cells. The results showed that OT treatment significantly increased PTGS1 expression (Fig. 2, A  and B) . Interestingly, PTGS2, which is not detectable or poorly expressed in HEC cells, was dramatically up-regulated in both Hec-1-A and Ishikawa cells (Fig. 2, A-D) . The lower band in the PTGS2 blot ( Fig. 2A) represents a nonspecific band and has been previously reported [20] . A similar increase was observed in PGE 2 production by Hec-1-A cells following exposure to OT (Fig. 2E) . To confirm that OT increases invasiveness of Hec-1-A cells via PGE 2 production, we performed an invasion assay by using SC-19220 (a selective antagonist of PGE 2 ), which blocks the activity of EP1 receptor. We had previously demonstrated the presence of this receptor in the Hec-1-A endometrial carcinoma cell line [21] . We found that SC-19220 blocks OT-and PGE 2 -induced Hec-1-A cell invasion (Fig. 2F) . These results indicate that OT increases invasion of HEC cells through the upregulation of PTGS isoforms and subsequent PGE 2 production. 
OT Up-Regulates PTGS Isoforms by Activating PIK3
We have previously reported that the PIK3/AKT survival pathway is involved in the regulation of PTGS2 and PGE 2 synthesis in HEC cells [22, 23] . Next we evaluated the effect of specific PIK3 inhibitor LY294002, PTGS1 inhibitor Indomethacin, and PTGS2 activity inhibitor NS-398 on OT-induced invasion in Hec-1-A cells. Interestingly, we found that these three inhibitors prevented OT-induced invasion of Hec-1-A cells (Fig. 3A) . LY294002 totally blocked the effect of OT in terms of PTGS1 and PTGS2 up-regulation (Fig. 3, B-E) , suggesting that PIK3 activation takes place upstream of PTGS1 and PTGS2 up-regulation in Hec-1-A cells. Moreover, we observed that under OT stimulation, Indomethacin increased PTGS2 expression (Fig. 3, D and E) , whereas NS-398 increased PTGS1 expression (Fig. 3, B and C) , suggesting a counterbalance mechanism between these two cyclooxygenases. As previously reported, we observed that NS-398 did not alter PTGS2 protein expression [24, 25] . These results indicate that OT confers invasive properties to Hec-1-A cells via activation of PIK3/AKT pathway, which leads to the upregulation of PTGS isoforms.
XIAP Is Involved in OT-Induced Invasion in HEC Cells via PIK3 and PTGS2
We have recently reported that PIK3 activity was involved in the up-regulation of XIAP, which plays an important role in invasiveness of endometrial cancer cells in response to TGFB [26] . XIAP is constitutively expressed in resting HEC cells; however, treatment with OT leads to XIAP up-regulation in these cells (Fig. 4, A-D) . As hypothesized, PIK3 inhibitor LY294002 blocked the OT-induced up-regulation of XIAP (Fig. 4, E and F) . Because activation of PIK3 by OT leads to up-regulation of PTGS1 and PTGS2 levels, we have examined the ability of these enzymes to regulate XIAP expression. We The results are the mean 6 SEM of three independent experiments. *P , 0.05 when compared with untreated (control) cells. E) The effect of OT on PGE 2 production by Hec-1-A cells was determined using enzyme immunoassay following 24, 48, or 72 h of treatment with 1 or 10 lM of OT. Data represent the mean 6 SEM of three independent experiments. *P , 0.05 when compared to untreated cells (control) after 24 h of treatment. 8P , 0.05 when compared to untreated cells (control) after 48 h of treatment.
& P , 0.05 when compared to untreated cells (control) after 72 h of treatment. F) Involvement of the PGE 2 and EP1 receptor in the invasion induced by OT in the Hec-1-A cell line were determined by Matrigel invasion assay without pretreatment or following 1 h of pretreatment with 10 lM of SC-19220 before adding 100 nM of PGE 2 for 24 h or 1 lM of OT in the lower chamber when the assays were performed. *P , 0.05 when compared to untreated cells (control). 8P , 0.05 when compared to OT-treated cells.
found that PTGS1 inhibitor Indomethacin did not prevent OTinduced XIAP expression; however, PTGS2 activity inhibitor NS-398 effectively blocked OT-induced XIAP expression (Fig.  4, G and H) . Next, we down-regulated PTGS2 levels using PTGS2 shRNA; we observed a greater than 50% reduction in PTGS2 levels. Reduced PTGS2 levels also led to the downregulation of XIAP levels, suggesting that PTGS2 might regulate XIAP levels in Hec-1-A cells under OT stimulation (Fig. 4, I and J) . Further, we investigated if XIAP is a key player involved in the OT-induced invasiveness in Hec-1-A cells. To test this, Hec-1-A cells were transfected with XIAP siRNA. We observed an approximately 50% reduction in the endogenous XIAP protein levels (Fig. 5, A and B) . Reduced XIAP levels completely blocked the ability of OT to increase the invasiveness of Hec-1-A cells (Fig. 5C) . Moreover, reducing XIAP levels increased the apoptosis of Hec-1-A cells upon treatment with OT (Fig. 5D) , suggesting a protective role of XIAP during OT-induced apoptosis. Taken together, these results imply that XIAP is regulated by PTGS2 via PIK3/AKT activation and plays a crucial role in OT-induced invasion and survival of HEC cells.
OT-Mediated Up-Regulation of MMP14 and MMP2 Are PTGS1-and PTGS2-Dependent, Respectively
Because MMP14 and MMP2 have been identified as important participants in tumor cell invasion [27] , we have examined whether OT-induced invasiveness of Hec-1-A cells also occurs via these two matrix metalloproteinases. We found that resting Hec-1-A cells expressed detectable levels of both MMP14 and MMP2, but exposure to OT induced an upregulation of their transcripts (Fig. 6A) and proteins (Fig. 6B) . Treatment with Indomethacin did not impede the up-regulation of MMP2 expression in Hec-1-A cells by OT (Fig. 6, C and D) , but the treatments with NS-398 or LY294002 blocked OTinduced MMP2 up-regulation, indicating a regulatory role of PTGS2 and PIK3 in OT-induced MMP2 expression. In addition, we found that Indomethacin treatment decreased MMP14 expression in Hec-1-A cells (Fig. 6, E and F) . Pretreatment with LY294002 for 1 h inhibits OT-induced MMP14 expression, whereas NS-398 could not inhibit OTinduced MMP14 expression. Collectively, these results indicate that up-regulation of MMP14 and MMP2 following OT stimulation is a result of PIK3-dependent up-regulation of PTGS1 and PTGS2 in HEC cells.
OTR Is Expressed in Endometrial Carcinoma Tumors In Vivo
To correlate our findings for a role of OTR in the invasiveness of HEC cells with the clinical data, we have performed immunofluorescence analysis on an endometrial carcinoma tissue panel representing various grades of the disease (Fig. 7) . OTR expression was observed in epithelial and glandular cells from the grade I (Fig. 7A ) and grade II (Fig. 7B) of endometrial carcinoma specimens and even in poorly differentiated grade III (Fig. 7C) . Moreover, few cells in the 
OT REGULATES ENDOMETRIAL CANCER CELL INVASION
stroma compartment showed OTR signals in the grade I tumors. Additionally, we found that the immunostaining for OTR decreases with advanced grades. In the normal endometrium and in smooth muscles tissue samples, OTR immunoreactivity was undetectable (Fig. 7, D and E) . Altogether, these results indicate that OTR is expressed in all the grades of endometrial tumors samples in vivo.
DISCUSSION
Recent findings have greatly expanded the classical roles of OT, which were mainly associated with reproductive functions [28] [29] [30] [31] [32] [33] . Moreover, novel sites of OTR expression have been identified in many peripheral organs [28, [34] [35] [36] [37] [38] [39] , suggesting that OT has physiological functions. OTR has also been described in various carcinoma cells [15, [40] [41] [42] [43] [44] [45] where OT & P , 0.05 when compared to untreated cells (control) after 72 h of treatment. G) The ability of PTGS isoforms to up-regulate XIAP was determined by using Western blot analysis. The cells were pretreated with 100 nM of Indomethacin or 10 lM of NS-398 for 1 h before treatment with 1 lM of OT for 24 h. b-actin was used as a loading control; a representative result is shown. H) Densitometric analysis of results presented in G. The results are the means 6 SEM of three independent experiments. *P , 0.05 when compared to untreated cells (control). 8P , 0.05 when compared to OT-treated cells. I) PTGS2 levels were down-regulated using shRNA against PTGS2. Protein levels of PTGS2, XIAP, and ACTB were determined by Western blot analysis. J) Densitometric analysis of results presented in I. The results are the mean 6 SEM of three independent experiments. *P , 0.05 when compared to untransfected cells (control).
1138 may regulate cell proliferation depending on cancer cell type. Cassoni et al. [15] reported that OT significantly inhibited cell proliferation of endometrial carcinoma without inducing apoptosis. Beyond the growth-inhibiting aspect of OT, the purpose of this study was to investigate the possibility that OT may promote the invasiveness of resistant endometrial cancer cells by up-regulating or stimulating selected factors of tumor aggressiveness such as PTGS2/PGE 2 , PIK3/AKT, and XIAP.
We have worked with Hec-1-A and Ishikawa cell lines commonly used as a model of endometrial carcinoma cells and found to be OTR positive, poorly invasive in basal conditions, and resistant to many molecules such as TGFB and tumor necrosis factor [26, 46] . We show for the first time that OT can induce invasion in endometrial cancer cells, which are also resistant to the growth-inhibitory effects of OT.
It is well accepted that production of prostaglandins by endometrial epithelial cells under basal conditions is regulated through the constitutive expression of PTGS1, whereas under stimulated conditions prostaglandin production is a result of the up-regulation of PTGS2 expression [47] . Our results support this concept because resting HEC cells express high levels of PTGS1 but very low levels of PTGS2 and PGE 2 concentration. After OT stimulation, the expression of both the isoforms of cyclooxygenases and PGE 2 is up-regulated in HEC cells. Together, these results suggest that OT-induced PGE 2 production occurs via the up-regulation of PTGS2 expression rather than PTGS1. Moreover, we showed that OT increased the invasiveness of endometrial carcinoma cells through production of PGE 2 and EP1 receptor.
Further, we reported the specific contribution of each cyclooxygenase isoform to the OT-induced invasion using specific pharmacological inhibitors. We found that both PTGS1 and PTGS2 are necessary for the OT-induced invasion of HEC cells, which was inhibited by PIK3 inhibitor LY294002. Furthermore, OT was able to induce AKT phosphorylation/activation, which was also inhibited by LY294002, thus suggesting that PK3/AKT pathway plays a central role in endometrial cancer cell invasion. The ability of OT to increase invasion, however, is not same for all tissue types. Previously, OT was found to inhibit proliferation, migration, and invasion of ovarian cancer cells [45] . The reason for this difference as compared to endometrial cancer cells could be tissue specificity and dose dependence, as the authors have used lower concentration of OT compared to the concentration used in the present study.
Previously, the involvement of PTGS2/PGE 2 /MMP pathway in increasing cell migration and invasion has been reported [48] . Here, we demonstrated that both PTGS1 and PTGS2 are required for the increase in MMP2 and MMP14 activities. Indeed, the action of the two cyclooxygenases seems to act synergistically: PTGS1 triggers MMP14, which has been shown to be one of the major activators of MMP2 in invasive tumors [49] , while PTGS2 up-regulates MMP2 expression. To our knowledge, this is the first report of such collaborative regulation of MMP2 and MMP14 by COX isoforms. A recent study [50] showed that PTGS1 and PTGS2 play essential roles in gonadotropin-induced migration and invasion in human ovarian cancer cells, supporting our findings that the expression of the two isoforms of cyclooxygenases were critical for OT-induced invasive properties in endometrial carcinoma cells.
We had recently reported the involvement of XIAP in the regulation of invasion of endometrial carcinoma cells that had been exposed to TGFB [26] , given the indication that XIAP could be a critical factor in the invasiveness of endometrial carcinoma cells. We have investigated a putative role of XIAP in the OT-induced invasion of HEC cells. OT increased XIAP protein level in Hec-1-A and Ishikawa cells in a PTGS2-dependent manner, which is in accordance with activation of the NFKB pathway, as shown in other cell types [22, 51] . In addition, we also found that XIAP is required to induce invasion in HEC cells exposed to OT. XIAP is a ubiquitous protein known to protect cells against apoptosis by binding and inhibiting caspase pathway [52] . Although no toxic effects or apoptosis were reported with OT [15] , it is not surprising that inhibition of XIAP by RNA interference increased the number The results are the mean 6 SEM of three independent experiments. *P , 0.05 when compared to untreated cells (control). 8P , 0.05 when compared to OT-treated cells. C) The effect of reduction of XIAP on Hec-1-A invasion was determined by Matrigel invasion assay after treatment with 1 lM of OT added in the lower chamber of the assay for 24 h. *P , 0.05 when compared to untreated cells (control). 8P , 0.05 when compared to OT-treated cells. D) Apoptotic index following a XIAP reduction in the presence and absence of 1 lM of OT was determined using Hoechst nuclear staining. The results are the mean 6 SEM of three independent experiments. *P , 0.05. of apoptotic cells. However, we cannot rule out the possibility that the reduction in invasion followed by XIAP knockdown could be due to increased apoptotic count. Taken together, these results highlight the importance of XIAP in invasion as well as in resistance to apoptosis in endometrial carcinoma cells.
Finally, we have correlated the presence of OTR in endometrial carcinoma tumors with the grade of the disease in vivo. In the normal cycling endometrium, OTR is shown to be under sex steroid regulation and high levels of OTR are present in the luteal phase [53] . It is, therefore, not surprising that the OTR signal detected by immunofluorescence analysis and confirmed by immunohistochemistry was low/undetectable in normal endometrium tissue samples. By contrast, OTR   FIG. 6 . Involvement of PTGS1 and PTGS2 in the OT-mediated up-regulation of MMP14 and MMP2. A) The mRNA levels of MMP2, MMP14, and TIMP2 were determined in Hec-1-A cells by RT-PCR following treatment with 1 lM of OT for 24 h. bactin was used as a loading control; a representative result is shown. B) Gelatin zymography was performed to analyze MMP2 activity upon treatment with 1 lM of OT for 24 h, whereas MMP14 activity was determined by Western blot analysis. ACTB was used as a loading control; a representative result is shown. C) The involvement of PTGS1, PTGS2, and PIK3 on MMP2 was determined by RT-PCR after a pretreatment of 1 h with 20 lM LY294002 or 100 nM of Indomethacin or 10 lM of NS-398 followed by 24 h incubation with 1 lM of OT. ACTB was used as a loading control; a representative result is shown. D) Densitometric analysis of results presented in C. The results are the mean 6 SEM of three independent experiments. *P , 0.05 when compared to untreated cells (control). 8P , 0.05 when compared to OT-treated cells. E) The involvement of PTGS1, PTGS2, and PIK3 in the regulation of MMP14 was determined by RT-PCR after a pretreatment of 1 h with 20 lM LY294002 or 100 nM of Indomethacin or 10 lM of NS-398 followed by 24 h incubation with 1 lM of OT. ACTB was used as a loading control; a representative result is shown. F) Densitometric analysis of results presented in C. The results are the mean 6 SEM of three independent experiments. *P , 0.05 when compared to untreated cells (control). 8P , 0.05 when compared to OT-treated cells. 1140 immunoreactivity was strongly expressed in tumor tissue. Upon tumor progression from grade I to grade III, the OTR was localized mostly in the epithelial and glandular compartment, which is consistent with a role for OTR in the invasiveness of HEC cells. These results indicate that overexpression of the OTR is an important factor to induce cancer progression, and further, metastasis in the presence of OT in the system. In summary, we provide the first evidence that OT could efficiently increase invasion in HEC cells through different factors such as PTGS1, PTGS2, and XIAP, which all seem to be dependent on the activation of PIK3. Moreover, we have identified a key role for XIAP in OT-induced invasion, which is PTGS2-dependent. The present study further suggests that the presence of OTR in endometrial cancer cells may, therefore, be considered as a major factor involved in the progression of endometrial cancer.
